Background: Epidermolysis bullosa simplex associated with muscular dystrophy is a genetic skin disease caused by plectin deficiency. A case of a 19-year-old Czech patient affected with this disease and a review all previously published clinical cases are presented. Main observations: In our patient, skin signs of the disease developed after birth. Bilateral ptosis at the age of 8 years was considered as the first specific symptom of muscular dystrophy. Since then, severe scoliosis, urological and psychiatric complication have quickly developed. The signs of plectin deficiency were found by histopathological studies, electron microscopy and antigen mapping of the skin and muscular samples. Two autosomal recessive mutations in the plectin gene leading to premature termination codon were disclosed by mutation analysis. By review of all published clinical cases, 49 patients with this disease were found. 54 different mutations in the plectin gene were published, p.(Arg2319*) in exon 31 being the most frequently found. Median age of muscular dystrophy development was 9.5 years. Hoarseness and respiratory complications were the most often complications beside skin involvement. Conclusion: Epidermolysis bullosa simplex with muscular dystrophy was diagnosed based on clinical, histopathological (skin and muscle biopsy) and mutation analysis of the plectin gene. Overview of the genetic and clinical characteristic of this disease could be presented by review of all previously published clinical cases. (J Der-
Introduction
Epidermolysis bullosa simplex (EBS) with muscular dystrophy (EBS-MD) is a rare life threatening subtype of basal EBS with autosomal recessive inheritance. The first cases of patients with EBS-MD were published in 1988 by Niemi, at this time the genetic bases were not known. 1 The affected gene was described in 1996 by a team comprising of Mc Lean and Smith. 2 The disease is caused by genetic defects in the plectin gene, a multi-domain protein expressed in epithelia, muscles and fibroblasts. Plectin is a member of the plakin family of proteins and plays a critical role in the formation of hemidesmosomes and securing the interactions of intermediate filaments to the plasma membrane attachment sites. 3, 4 We report an unusual clinical case of a patient with SEB-MD, psychiatric complications and new mutations in the PLEC1 gene. We also review the available literature regarding this disease.
We conducted a PubMed search of articles published in accessible English language journals using the terms "epidermolysis bullosa", "simplex", "dystrophy", "muscular", "plectin". Out of 64 articles found 29 articles were relevant including a review of described cases. References within these articles disclosed additional cases.
Case report

Case history
The proband is 19-year-old Czech boy treated in the EB Centre of the Czech Republic (Table 1, ID 49 ). He is the child of healthy non-consanguineous Caucasian parents without any preceding history of neurological or neuromuscular disease. He was born at term via Caesarean section. Hoarseness and skin involvement (erosions of the skin and oral mucosae, widespread blistering with hemorrhagic blisters and onychodystrophy) have been present since birth. The patient had extrasystoles during the first 3 days of life, from then arrhythmia disappeared without any consequences. A skin biopsy for histological examination (light and electron microscopy) was taken in his 4th month of life. The results confirmed that he was to be considered as junctional EB. Signs of delay of motor skills were present from the first year of age -delay in sitting (not in 14 months), creeping (never) and walking (from 2 years). The speech and cognitive development were brilliant with ability to read in 3 years of age. Skin conditions improved at the age of 2 and blistering persisted mainly on hands, feet and in the face (periorificial). The lesions healed with mild atrophy, leukodermas, hyperpigmentation and occasional milias. The patient suffered from widespread plantar keratoderma with painful and difficult walking from infancy. Specific signs of MD have been present since 8 years of age when bilateral ptosis developed. At the beginning, muscle weakness and pain in walking were considered as consequences of feet involvement. The muscle weakness became more prominent in 11 years with a wheelchair becoming necessary for longer distances. The patient´s family refused the examinations recommended (second skin biopsy for AMP, muscle biopsy and DNA molecular diagnostics) and their contact with the EB Centre was interrupted. At the age of 13 fatigue and muscle pain were more prominent. Only a few steps could be walked with support of another person, his arms could not be raised above the horizontal line and severe spine deformity developed. Neurological examination in the EB Centre was performed at the age of 14 and muscle hypotrophy, areflexia, join contractures, bilateral ptosis and scoliosis of thoracic and lumbar spine with left-sided curve were disclosed (Fig. 1) . Laboratory examinations found the serum level of myogenic enzymes was elevated (creatine kinase 14.15 ukat/l, lactate dehydrogenase 4.05 ukat/l), no abnormalities were found in a periphery blood test, liver and kidney function tests. Myogenic pattern in needle electromyography was disclosed. No abnormality was found by brain MRI, cardiologic and ophthalmologic examinations.
The parents finally agreed to a second skin biopsy for AMP, muscle biopsy and blood collection for DNA molecular analysis of the plectin gene.
Depression and aggression against parents was observed at the age of 15 and since then the patient has been on psychiatric medication and has been receiving psychologic care. Repeated urine retentions have been present since 16 years and led to suprapubic cystostomy.
Electron microscopy of the skin A skin biopsy sample was fixed in glutaraldehyde and postfixed in osmium tetroxide and embedded in Epon. Ultrathin sections were mounted on copper grids and contrasted with uranyl acetate and lead citrate and then examined using transmission electron microscope Tesla BS 500. Electronograms showed intraepidermal split formation with lamina densa and lucida and hemidesmosomes on the floor of the blister.
Immunofluorescence antigen basement membrane zone mapping Indirect immunofluorescence method was used with primary antibodies directed against plectin, cytokeratins 5 and 14, integrins α6 and β4, collagens type IV, VII and XVII and laminin 5. In the patient's skin sample an unaltered signal with anti-cytokeratin, anti-integrin, anti-collagen IV, VII and XVII and anti-BPAG1 was observed in comparison with control whereas no signal was detected with an anti-plectin antibody (Fig. 2 ).
Muscle biopsy: light microscopy and ultrastructural examination An opened biopsy from the quadriceps femoris was performed. Muscle tissue was snap frozen in a propane-butane mixture cooled in liquid nitrogen. Part of the muscle biopsy was fixed in glutaraldehyde and an ultrastructural examination was also performed. Cryosections were examined by conventional histological, histochemical, immunohistochemical and immunofluorescence methods.
Light microscopy of muscle biopsy displayed a myopathic pattern with evidence of fiber necrosis and regeneration, with significant variation in fiber size, grouped atrophic fibers and an increased amount of endomysial and perimysial connective and fatty tissue. Pyknotic nuclear clumps and multiple internal nuclei were also present (Fig. 3) . Small perivascular and endomysial inflammatory infiltrates were focally observed. In summary, the muscle biopsy showed features of muscular dystrophy with inflammatory pattern. Immunohistochemistry revealed normal expressions of dystrophin, dysferlin, α-dystroglycan, sarcoglycans, merosin and emerin. In the majority of muscle fibers, cytoplasmic and sarcolemmal desmin-positive deposits were demonstrated. Plectin immunofluorescence showed absence of this protein in muscle fibers. Ultrastructural changes included the increased space between sarcolemma and muscle sarcomere, areas of myofibrillar disorganization, increased amount of glycogen intermyofibrillary, a variation in normal Z-line size and lack of uniformity between sarcomeres.
Mutation analysis for PLEC1 gene:
Genomic DNA was isolated from peripheral blood samples of the proband and his immediate family members. The mutation detection was performed after polymerase chain reaction (PCR) amplification of PLEC1 exons and intron-exon borders, followed by direct automated sequencing using an ABI PRISM 3130xl genetic analyzer (Applied Biosystems, Foster City, CA).
PLEC1 mutational analysis revealed that the proband was compound heterozygote for maternal mutation c.5902_5903del and paternal mutation c.9109_9125del. The designation of the PLEC1 (Genebank NM_000445.4) mutations and numbering of the nucleotides and amino acids was performed according to nomenclature recommendations. 5 Both mutations are predicted to result from premature stop codon during protein translation, which results in truncated polypeptides and downregulation of the corresponding mRNA through nonsense-mediated mRNA decay. Both of the mutations were novel.
From the results of the above studies, EBS-MD due to plectin deficiency was diagnosed.
Discussion
EBS is a group of blistering genodermatoses characterized by blister formation above the basement membrane of dermo-epidermal junction. Seventeen EBS subtypes are recognized according to the recent classification. 6 Most of the SEB subtypes are caused by mutation in genes of basal cell keratins (K5 and K14), but also plectin, a6b4 intergrin, desmoplakin, plakoglobin and plakophilin-1 genes are related to EBS. 6 Mutation in the plectin gene is found in EBS with muscular dystrophy (EBS-MD), EBS with pyloric atresia (EBS-PA), EBS Ogna (EBS-Og) and a recently described type caused by plectin isoform 1a disruption leading to autosomal-recessive skin-only EBS. 6, 7 EBS-MD and EBS-PA are very rare life threatening diseases with autosomal recessive inheritance.
EBS-MD is a rare variant of EBS caused by mutations of the human plectin gene (PLEC1) on chromosome 8q24. Plectin is a versatile cytoskeletal linker protein with high molecular weight (530 kDa), expressed in several cell types (epithelia, muscles and fibroblasts). It comprises N and C-terminal domains, which contain multiple protein-protein interaction sites, separated by an elongated central rod domain, which is predicted to mediate self-association via coil-coil interactions. 8 In particular, the N-terminal region contains an actin-binding domain (ABD) and a plakin domain, which harbor binding sites for two hemidesmosomal proteins: integrin α6β4 and collagen type XVII. 9, 10 The C-terminal region From the analysis of published plectin mutations it is clear, that EBS-MD is usually a result of nonsense, insertion or deletion mutations of exon 31, which encodes for the second rod domain. In these patients the full-length plectin is absent, but they typically express a rodless plectin isoform, which delays the onset of MD because of the remaining IFbinding site. 13, 14 In EBS-PA patients the more severe disease phenotype is caused by the fact that both full-length and rodless plectin isoforms are deficient. 15 So far, 49 patients with EBS-MD have been described in the literature (our patient included). DNA molecular analysis of the plectin gene was performed in 43 patients (88%). Mutations on both alleles were identified in 41 patients, only one mutated allele in 2 patients. Almost half of the patients (20) were homozygotes. In summary, 54 different mutations in eight exons (9, 14, 19, 21, 22, 24, 31, 32) and in three introns (i11, i25, i30) were found by DNA molecular analysis. Mutations were mostly located in exons 31 (69% of all mutations) and 32 (14% of all mutations), see Table 1 .
Most frequently, glutamine (27% of all mutations), glutamic acid (24% of all mutations) and arginine (20% of all mutations) were replaced by other amino acids. Mutation p.(Arg2319*) in exon 31 was found most often (five times).
Two different previously unpublished mutations, p.(Lys1968Glyfs*44) in exon 31 and p.(Val3037Cysfs*78) in exon 32, were detected in our patient (ID 49). Both are pathogenic and lead to PTC.
Patients with EBS-MD usually do not have muscular symptoms at birth, but muscle weakness appears later in their life. The type of PLEC1 mutations (PTC-causing mutations or in-frame insertions/ deletions) influences the timing of MD onset. 16 At the time of paper´s publication, MD has already been present in 38 (our patient included) out of 49 patients (78%). Precise time of the MD onset has been reported in 31 patients, who have been enrolled in further analysis of MD. By the term "infant" a child between 0-2 years was understood. In 3 cases MD was stated as present without any specification and 5 patients were excluded from further analysis because of the wide range of age hidden in terms "childhood", "teens" and "adolescence", see Table 1 .
Median age at the first signs of MD was 9.5 years. Two patients presented MD at birth (ID 1, 40) , the latest onset of the first signs of MD was at 35 years of age (ID 15). The main peak of MD development was during first two years of life (30%, 9 patients), 58% of cases developed by 11 years (18 patients) and 83% by 20 years (25 patients), see Fig. 4 .
Until the date of publication of previous case reports, no MD was observed in 11 patients, the median age in this group was 4 years. One of them died at 4 years of age because of respiratory obstruction without symptoms of MD (ID 29), see Table 1 . In our patient, unspecific signs of MD have been present since infancy (delayed motoric development), bilateral ptosis at the age of 8 years is considered as the first specific symptom of MD.
Information about survival of patients was published in 41 cases (our patient included). Five of them have died prior to the date of case publication. One patient died at 6 months (ID 7) and another patient in 4 years (ID 29), both because of respiratory complications. Three patients died in their forties (ID 3, 4, 23), see Table 1 . At the time of publication, median age of living patients was 24 years (min 5 months, max 63 years).
Skin blistering developed at birth or soon after birth in almost all patients (47 patients). In the remaining two cases skin blistering started during childhood (ID 15, 40) . Skin blistering was stated as widespread in 36 patients (74% of all patients). Consequences of skin healing were described in 33 cases. Out of them, visible sequelae of blister healing were present in 18 patients, skin atrophy being the most frequently described (12 patients), followed by scaring (9 patients), milia (3 patients) and dyspigmentation (3 patients).
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Figure 4
Onset of MD.
The quality of nails was described in 44 patients, onychodystrophy being the most common finding (39 patients) and nail loss being described in one patient (ID 7).
Oral mucosa was noticed in 38 patients, oral mucosa involvement was present in half of the patients (20 patients), involvement was stated as severe in 3 patients ( ID 2, 5, 20) .
In this patient, widespread blistering was observed in infancy and improved by the age of 2 years. Since then it has persisted mainly on the hands and face, blisters heal with mild atrophy, hypopigmentation and milia. Oral lesions were observed too.
In 36 patients (74% of all patients) organ involvement beside skin was present (our patient included). Hoarseness (12 patients) and respiratory complications (12 patients) were the most frequently found. Patients suffered also from dental involvement (9 patients), plantar keratoderma (8 patients), gastrointestinal (7 patients), neurological apart from MD (6 patients), severe urogenital (6 patients) and cardiac complications (4 patients). Signs of other diseases were less frequently found, see Table 1 .
In our patient, hoarseness, short period of arrhythmia, plantar keratoderma, severe scoliosis, aggressiveness, depression and chronic urological complications were present.
Conclusions
This case report highlight the importance of new diagnostic methods in diagnostics of EB. By review of all reported cases, variability of symptoms of EBS-MD could be demonstrated. 
